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Water-dilutable polyester resins 

Field of the Invention 

The invention relates to water-dilutable polyester resins, to a process for 
5 preparing them, and to their use. 

Background of the Invention 

Binders for coating materials can be provided in water-dilutable form by 
adequately stabilizing the disperse phase of binder droplets in a continuous 
10 phase of water. This can be achieved by adding an emulsifier (external 
emulsification, externally emulsified resins) or by chemically modifying the 
binder such that it contains ionic or other hydrophilic groups in sufficient 
quantity (internal emulsification, self-emulsifying resins). 

15 One known way to water-dilutable binders based on polyester resins is the 
polycondensation of polyols, preferably diols, with polybasic, especially 
dibasic, acids, where a defined excess of acid groups remains in the 
polyester. After at least some of the acid groups have been neutralized, the 
resulting polyester resin can be emulsified in water to give stable dispersions. 

20 The polybasic acids can in particular be tribasic acids having acid groups 
differing in reactivity, such as citric acid or sulfoisophthalic acid, for example. 
Polyester resins containing moieties of sulfoisophthalic acid are known from, 
for example, EP-B 0 649 439. 

25 Binders comprising polyester resins of this kind are crosslinked using 
crosslinking agents which react with hydroxyl groups of the binders. Suitable 
crosslinking agents are polyfunctional isocyanates, which in unblocked form 
are reactive even at room temperature, or in blocked form, which are reactive 
only at an elevated temperature above 80 °C, preferably above 100 °C, or 

30 etherified or unetherified amino resins. Polyesters of sufficiently high molar 
mass are also physically drying; that is, after the dispersant has evaporated, 
the binder droplets coalesce and form a film. 
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From EP-B 0 649 439 aqueous dispersions of linear polyesters and vinyl 
- resins are known which include mass fractions of from 5 to 40 % of the 
polyester and from 95 to 60 % of a vinyl polymer including a mass fraction of 
at least 20 % of repeating units derived from styrene or a styrene derivative. 
5 These dispersions are still amenable to improvement with respect to the 
following performance properties: more rapid (physical) drying, particularly in 
the case of highly pigmented coating materials (masonry paints, road marking 
paints) is desirable; crosslinking with amino resins (melamine resins) requires 
relatively high temperatures; in clearcoat materials pops are formed even at 
10 low film thicknesses, and wrinkles are formed in the dried coating film; the 
resistance to solvents and aqueous solutions is in need of improvement. 



Summary of the Invention 

Surprisingly it has now been found that aqueous dispersions of polyester 
15 resins having a particularly high mass fraction of solids can be prepared if 
sulfoisophthalic acid or other units which can be condensed into a polyester, 
especially dicarboxylic acids additionally containing a sulfonic acid group, are 
incorporated into polyester resins which additionally include units containing 
polymerizable double bonds. It has also been found that polyester resins of 
2 0 this kind can be grafted with olefinically unsaturated monomers to give water- 
dilutable hybrid systems having a particularly high mass fraction of solids. 
These polyester resins and the hybrid systems obtained from them display 
considerable improvements . in the properties set out above. 

2 5 The invention accordingly provides water-dilutable polyester resins ABCD 

having a mass fraction of from 1 to 10 % of units derived from unsaturated 
cocondensed building blocks, preferably unsaturated carboxylic acids, 
especially unsaturated fatty acids, an olefinic double bond content of from 10 
to 2 000 mmol/kg, preferably from 20 to 1 500 mmol/kg, and more preferably 

3 0 from 30 to 1 200 mmol/kg, and a sulfonic acid group content of from 20 to 

300 mmol/kg, preferably from 30 to 200 mmol/kg, more preferably from 40 to 
170 mmol/kg. 
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The invention further provides water-dilutable modified polyester resins 
ABCDE having a mass fraction of from 1 to 10 % of units deriving from 
unsaturated cocondensed building blocks, a mass fraction of vinyl polymer, 
produced by polymerizing olefinically unsaturated monomers E in the 
5 presence of a polyester ABCD, of from 20 to 80 %, preferably from 25 to 
60 %, and more preferably from 30 to 50 %, and a sulfonic acid group content 
of from 4 to 240 mmol/kg. 

Detailed Description of the Preferred Embodiments 

The polyester resins ABCD are obtainable by polycondensation of hydroxy- 
functional compounds A containing on average at least two hydroxyl groups 
per molecule, acids B, containing on average at least two acid groups per 
molecule, a mass fraction of from 0.5 to 20 %, preferably from 1 to 15 %, and 
in particular from 1 .5 to 10 % of a compound D which, in addition to at least 
one functional group which is to be incorporated into a polyester under 
condensation conditions and is selected from hydroxyl groups, carboxyl 
groups, and amino groups, includes at least one sulfonic acid group in the 
molecule, and unsaturated compounds C containing at least one group, 
preferably two groups, which are reactive under condensation conditions with 
hydroxy-functional or acid-functional compounds and are selected from 
hydroxyl groups, amino groups, carboxylic acid groups, sulfonic acid groups, 
and phosphonic acid groups, especially monocarboxylic, dicarboxylic or poly- 
carboxylic acids C1 having 10 to 30 carbon atoms in the case of unsaturated 
monocarboxylic acids or 4 or 7 to 30 carbon atoms in the case of unsaturated 
dicarboxylic acids and polycarboxylic acids, respectively. 

The hydroxy-functional compounds A are preferably ethylene glycol, 1 ,2- and 
1,3-propylene glycol, 1,4-butanediol, neopentyl glycol, 1,6-hexanediol, 1,2- 
and 1 ,4-dihydroxycyclohexane, 3,4-diethyl-3,4-hexanediol, and 1,4- 
30 bis(hydroxymethyl)cyclohexane, each used individually or in a mixture. 
Particular preference is given to glycol, neopentyl glycol, and 1 ,2-propylene 
glycol. In mass fractions of up to 10 % it is also possible to use polyhydric 
alcohols such as glycerol, erythritol, pentaerythritol, trimethylolpropane, and 



15 



20 
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sorbitol. It is also possible for some of the hydroxy-functional compounds to 
be replaced by epoxide compounds which react with the acids under ring 
opening to form hydroxy esters. 

5 The acids B are preferably dibasic carboxylic acids such as adipic acid, 
succinic acid, sebacic acid, cyclohexanedicarboxylic acid, phthalic acid, 
isophthalic acid, and terephthalic acid, sulfonyldibenzoic acid, oxydibenzoic 
acid, and the isomeric naphthalenedicarboxylic acids, and also dimeric fatty 
acids, which are obtained by catalyzed dimerization of unsaturated fatty acids 

10 (e.g., tall oil fatty acid) as a mixture of acyclic and cyclic dicarboxylic acids. It 
is also possible to use acids with an acid functionality of three more in a 
mass fraction of up to 10 %. Preferred examples include trimellitic acid, 
trimesic acid, cyclohexanetricarboxylic acid, benzophenonetetracarboxylic 
acid, and pyromellitic acid. Particular preference is given to adipic acid and 

15 the isomeric phthalic acids, each individually or in a mixture. Suitable 
compounds D containing sulfonic acid groups are preferably acids such as 
sulfoisophthalic acid in particular, and also sulfonylsuccinic acid, 4-amino-3- 
hydroxynaphthalenesulfonic acid, N , N-bisfhydroxyethyO^- 
aminoethanesulfonic acid, naphthol-3,6-disulfonic acid, 4-amino-5- 

2 0 hydroxynaphthalenesulfonic acid, and 6,7-dihydroxynaphthalene-2-sulfonic 
acid. 

The unsaturated compounds C are preferably fatty acids C1 such as oleic 
acid, linoleicacid, linolenic acid, ricinoleic acid, elaidicacid, arachidonic acid, 
2 5 erucic acid, and eleostearic acid or mixtures thereof, other unsaturated acids 
such as maleic acid, fumaric acid, acrylic acid, methacrylic acid, and 
tetrahydrophthalic acid, or hydroxy-functional compounds such as allyl 
alcohol. 

30 Monofunctional hydroxy compounds A' and/or monofunctional acids B' may 
also be present during the polycondensation as well in amount-of-substance 
fractions such that the ratio of the amount of substance of monofunctional 
compounds to that of compounds having a functionality of two or more is not 
more than 0.03 mol/mol. 
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Instead of the hydroxy compounds A and the acid compounds B it is also 
possible to use hydroxy acids, such as hydroxybenzoic acid, 2-hydroxy-6- 
naphthoic acid, and the like, and also aliphatic hydroxy acids or lactones 
derived therefrom, such as lactic acid, gamma-hydroxybutyric acid, delta- 
5 hydroxyvaleric acid, and epsilon-hydroxycaproic acid. 

The monomers E, which are preferably polymerized in a mixture of at least 
two different monomers in the presence of the polyester resins ABCD in 
aqueous emulsion, are selected from unsaturated esters E1, hydroxyl- 

10 containing unsaturated esters E2, unsaturated acids E3, and olefinic 
unsaturated monomers E4 containing none of the aforementioned functional 
groups and being selected from the group consisting of olefinically 
unsaturated aromatics such as styrene, vinyltoluene, and alpha- 
methylstyrene; vinyl halides such as vinyl chloride and vinylidene chloride; 

15 unsaturated nitriles such as acrylonitrile and methacrylonitrile; vinyl ethers 
such as methyl vinyl ether; unsaturated amides such as acrylamide and 
methacrylamide; and unsaturated ketones such as methyl vinyl ketone and 
diacetone(meth)acrylamide. 

2 0 Where unsaturated ketone monomers E4 are among those used it is also 
possible to formulate self-crosslinking binders from the resins ABCDE by 
admixing an aqueous dispersion comprising them with diamines or, 
preferably, dihydrazines or dihydrazides, which react as crosslinkers by 
forming Schiff bases or hydrazones. Particular preference is given to 

25 dihydrazides of aliphatic dicarboxylic acids, such as adipic dihydrazide, for 
example. 

Where the monomers E4 used at least include diolefins, such as 
divinylbenzene, for example, then crosslinks between at least two of the 
30 polyester molecules are formed even during the polymerization step. 
Depending on the amount of diolefins employed, the polymerization produces 
crosslinked microgels or systems with only a low degree of crosslinking. 
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The polyester resins of the invention can be employed in particular for 
formulating coating materials for coating plastics and other temperature- 
sensitive substrates such as paper, cardboard, and textiles. They are also 
suitable for formulating traffic marking paints. In addition to the advantageous 
5 properties already mentioned above, namely those of rapid (physical) drying 
particularly in the case of highly pigmented coating materials (masonry paints, 
road marking paints), high crosslinking rate and/or reduced crosslinking 
temperature with amino resins (melamine resins), the absence of pop marks 
in relatively thick films (clearcoats) up to about 100 pm, the absence of 
1 0 wrinkles in the dried coating film, and the improved resistance to solvents and 
aqueous solutions, a further quality is the insensitivity to discoloration on 
contact with dye pastes (shoe polish, for example, in the "yellow dye test", 
especially in floor coatings). 

1 5 The examples which follow illustrate the invention without restricting its scope. 
The formerly so-called "intrinsic viscosity number", termed "Staudinger Index" 
J g according to DIN 1342, part 2.4, is the limiting value of the Staudinger 
function J v at decreasing concentration and shear stress, with J v being the 
relative change in viscosity based on the mass concentration /3 B = m B /Vof the 

2 0 dissolved substance B (with the mass m B of the substance in the volume V 
of the solution), i.e., J v = (n r -WPa- ln this formula /j r -1 denotes the relative 
change in viscosity, in accordance with /7 r -1 = (/7-/7 s )/#7 s . The relative viscosity 
rjr is the ratio of the viscosity q of the solution under analysis to the viscosity 
/7 S of the pure solvent. (The physical meaning of the Staudinger Index is that 

25 of a specific hydrodynamic volume of the solvated polymer coil on infinite 
dilution and in the state of rest.) The unit normally used for J is "cm 3 /g"; earlier 
often "dl/g". 

30 
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Examples 
Polyester resins 

Example 1 

5 208 g of neopentyl glycol, 186 g of ethylene glycol, 22 g of sulfoisophthalic 
acid, 1 g of dibutyltin oxide, 0.7 g of triphenyl phosphite and 222 g of phthalic 
anhydride were charged to a reactor and heated to 180 °C. The temperature 
was left constant with stirring until a clear melt had formed. Thereafter 222 g 
of phthalic anhydride and 49 g of maleic anhydride were added and the 

10 mixture was heated to 205 °C over the course of 2 hours. The water of 
reaction was distilled off azeotropically by addition of 35 g of xylene, and the 
xylene separated from the water was recycled. Reaction continued at this 
temperature, with water separation, until the acid number of the reaction 
mixture had dropped to less than 5 mg/g (about 5 hours). Following the 

15 addition of 75 g of isophthalic acid esterification was continued, with removal 
of the water of reaction, until the Staudinger Index was about 14 cm 3 /g 
(measured in chloroform solvent at 23 °C). Then 45 g of isononanoic acid 
were added and esterification was continued to a Staudinger Index of about 
20 cm 3 /g. Xylene was subsequently removed by distillation under reduced 

2 0 pressure. The reaction mixture was held further at 200 °C until a Staudinger 
Index of about 24 cm 3 /g was reached. Thereafter the reactor was cooled and 
the contents were diluted with a mixture of 20 g of methoxypropoxypropanol, 
100 g of methoxypropanol and 100 g of butyl glycol. The solution obtained 
was emulsified in 700 g of distilled water. 



25 



Analysis of the dispersion gave the following results: 



Mass fraction of solids*: 



50 %, 



30 



PH: 

Dynamic viscosity*: 
Acid number: 



3.1 



3 046 mPa-s 



15.7 mg/g 



* measured as nonvolatile fraction on drying at 120 °C for five minutes 
+ measured on a 50 % strength solution in chloroform at 10 s' 1 and 23 °C 
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Example 2 

208 g of neopentyl glycol, 186 g of ethylene glycol, 22 g of sulfoisophthalic 
acid, 1 g of dibutyltin oxide, 0.7 g of triphenyl phosphite and 222 g of phthalic 
5 anhydride were charged to a reactor and heated to 180 °C. The temperature 
was left constant with stirring until a clear melt had formed. Thereafter 222 g 
of phthalic anhydride and 49 g of maleic anhydride were added and the 
mixture was heated to 205 °C over the course of 2 hours. The water of 
reaction was distilled off azeotropically by addition of 35 g of xylene, and the 

10 xylene separated from the water was recycled. Reaction continued at this 
temperature, with water separation, until the acid number of the reaction 
mixture had dropped to less than 5 mg/g (about 5 hours). Following the 
addition of 75 g of isophthalic acid esterification was continued, with removal 
of the water of reaction, until the Staudinger Index was about 20 cm 3 /g 

1 5 (measured in chloroform solvent at 23 °C). Xylene was subsequently removed 
by distillation under reduced pressure. The reaction mixture was held further 
at 200 °C until a Staudinger Index of about 24 cm 3 /g was reached (about 10 
hours). Subsequently the temperature was lowered to 180 °C and 45 g of 
©Cardura E10 (glycidyl ester of ®Versatic-10 acid, Deutsche Shell Chemie 

2 0 GmbH) were added. The temperature was held for 90 more minutes and then 
the reactor was cooled and the contents were diluted with a mixture of 20 g 
of methoxypropoxypropanol, 100 g of methoxypropanol and 100 g of butyl 
glycol. The solution obtained was emulsified in 700 g of distilled water. 

2 5 Analysis of the dispersion gave the following results: 



Mass fraction of solids: 50 %, 

pH: 3.3 

Dynamic viscosity: 1 417 mPa-s 

30 Acid number: 5.5 mg/g 



(Measurement conditions as above) 



Example 3 
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150 g of the monoester of Juvandol fatty acid with trimethylolpropane, 300 g 
of neopentyl glycol, 160 g of ethylene glycol, 22 g of sulfoisophthalic acid, 1 g 
5 of dibutyltin oxide, 0.7 g of triphenyl phosphite, 250 g of isophthalic acid and 
230 g of terephthalic acid were charged to a reactor and heated to 180 °C. 
The temperature was then raised to 230 °C over 5 hours with stirring and left 
at this temperature for 2 hours. Under reduced pressure (about 20 hPa) the 
excess quantities of glycols and water were removed by distillation. Thereafter 

10 70 g of isophthalic acid were added and after the addition of 42 g of xylene 
esterification was continued with azeotropic removal of the water of reaction 
at about 225 °C until the Staudinger Index was about 14.5 cm 3 /g (measured 
in chloroform solvent at 23 °C). Xylene was then removed by distillation under 
reduced pressure. The reaction mixture was held further at 225 °C until a 

15 Staudinger Index of about 17 cm 3 /g was reached (about 8 hours). Thereafter 
the reactor was cooled and the contents were diluted with a mixture of 20 g 
of methoxypropoxypropanol, 108 g of methoxypropanol and 108 g of butyl 
glycol. The solution obtained was emulsified in 870 g of distilled water. 

2 0 Analysis of the dispersion gave the following results: 

Mass fraction of solids: 46 %, 

pH: 3.1 

Dynamic viscosity: 1 320 mPa-s 

2 5 Acid number: 6.7 mg/g 

(Measurement conditions as above) 

Example 4 

30 

75 g of the monoester of Juvandol fatty acid with trimethylolpropane, 310 g 
of neopentyl glycol, 165 g of ethylene glycol, 20 g of sulfoisophthalic acid, 1 g 
of dibutyltin oxide, 0.7 g of triphenyl phosphite, 270 g of isophthalic acid and 
230 g of terephthalic acid were charged to a reactor and heated to 180 °C. 
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The temperature was then raised to 230 °C over 5 hours with stirring and left 
at this temperature for 2 hours. Under reduced pressure (about 20 hPa) the 
excess quantities of glycols and water were removed by distillation. Thereafter 
70 g of isophthalic acid were added and after the addition of 42 g of xylene 
5 esterification was continued with azeotropic removal of the water of reaction 
at about 225 °C until the Staudinger Index was about 14.5 cm 3 /g (measured 
in chloroform solvent at 23 °C). Xylene was then removed by distillation under 
reduced pressure. The reaction mixture was held further at 225 °C until a 
Staudinger Index of about 17 cm 3 /g was reached (about 8 hours). Thereafter 
10 the reactor was cooled and the contents were diluted with a mixture of 20 g 
of methoxypropoxypropanol, 103 g of methoxypropanol and 103 g of butyl 
glycol. The solution obtained was emulsified in 930 g of distilled water. 
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Analysis of the dispersion gave the following results: 



Mass fraction of solids: 44 %, 

pH: 3.1 

Dynamic viscosity: 1 380 mPa s 

Acid number: 8.2 mg/g 

2 0 Weight-average molar mass M w # : 10 300 g/mol 



#: Gel permeation chromatography (polystyrene calibration), otherwise 
measurement conditions as above 

25 

Hybrids of polyester resins and addition polymers 



Example 5 



3 0 226 g of the dispersion of the polyester from example 4 were diluted with 42 g 
of distilled water and heated to 75 °C. Metered into this dispersion with 
thorough stirring over the course of 4 hours at a uniform rate were a mixture 
of 80 g of styrene, 10 g of hydroxyethyl methacrylate, 10 g of butyl acrylate 
and 0.06 g of tert.-butyl hydroperoxide and, separately therefrom, a mixture 
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of 1 .5 g of a solution of ascorbic acid in water (10 g of ascorbic acid in 100 g 
of the solution) and 30 g of distilled water. After the end of the addition the 
polymerization reaction was continued for 2 more hours and then a further 
0.3 g of tert.-butyl hydroperoxide and, separately therefrom, 0.8 g of the said 
5 solution of ascorbic acid in water were added. Polymerization was continued 
until the calculated mass fraction of solids had been reached (approximately 
two hours). Thereafter the dispersion was cooled and filtered through plate 
filters with a cutoff of 5 jjm. 

10 

Analysis of the dispersion gave the following results: 

Mass fraction of solids: 50 % 

pH: 3.2 

15 Dynamic viscosity: 1170mPas 

Weight-average molar mass M w : 158 900 g/mol 

Measurement conditions as above 

2 0 Example 6 

178 g of the dispersion of the polyester of example 3 were diluted with 20 g 
of distilled water and heated to 75 °C. Metered into this dispersion with 
thorough stirring over the course of 4 hours at a uniform rate were a mixture 

2 5 of 50 g of styrene, 30 g of methyl methacrylate, 10 g of hydroxyethyl 
methacrylate, 10 g of butyl acrylate and 1 .0 g of tert.-butyl hydroperoxide and, 
separately therefrom, a mixture of 2.5 g of a solution of ascorbic acid in water 
(10 g of ascorbic acid in 100 g of the solution) with 30 g of distilled water. 
After the end of the addition the polymerization reaction was continued for 

30 2 more hours and then a further 0.3 g of tert.-butyl hydroperoxide and, 
separately therefrom, 1.25 g of the said solution of ascorbic acid in water 
were added. Polymerization was continued until the desired mass fraction of 
solids had been reached. Thereafter the dispersion was cooled and filtered 
through plate filters with a cutoff of 5 pm. 
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Analysis of the dispersion gave the following results: 



Mass fraction of solids: 



55% 



5 



pH: 

Dynamic viscosity: 



3.4 



920 mPa-s 



Weight-average molar mass M w : 147 000 g/mol 
Measurement conditions as above 
10 Example 7 

400 g of the dispersion of the polyester of example 1 were diluted with 85 g 
of distilled water, a mixture of 85 g of styrene and 15 g of 2-ethylhexyl acrylate 
was emulsified therein. Heating to 75 °C was followed by the addition with 

15 thorough stirring and at a uniform rate over the course of one hour of 0.8 g of 
tert.-butyl hydroperoxide, 1 .2 g of a solution of ascorbic acid in water (1 0 g of 
ascorbic acid in 100 g of the solution) and 4 g of distilled water. Over the 
course of a further hour 0.6 g of tert.-butyl hydroperoxide, 0.9 g of the solution 
of ascorbic acid in water and 4 g of distilled water were added, and again, 

20 after a further hour, 0.4 g of tert.-butyl hydroperoxide, 0.9 g of the ascorbic 
acid solution and 4 g of distilled water. The mixture was held at this 
temperature with stirring for one hour more and then a further 0.4 g of tert.- 
butyl hydroperoxide and 1.6 g of the ascorbic acid solution were added. 
Polymerization was continued until the desired mass fraction of solids was 

2 5 reached. Thereafter the dispersion was cooled and filtered through plate 
filters with a cutoff of 5 pm. 

Analysis of the dispersion gave the following results: 
30 Mass fraction of solids: 50 % 



pH: 

Dynamic viscosity: 



220 mPa-s 



3.4 



Example 8 
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400 g of the dispersion of the polyester from example 2 were diluted with 85 g 
of distilled water in which a mixture of 70 g of styrene and 30 g of 2-ethylhexyl 
acrylate was emulsified. Heating to 75 °C was followed by addition with 
thorough stirring and at a uniform rate over the course of one hour of 0.8 g of 
tert-butyl hydroperoxide, 1.2 g of a solution of ascorbic acid in water (10 g of 
ascorbic acid in 100 g of the solution) and 2 g of distilled water. Over the 
course of a further hour 0.6 g of tert-butyl hydroperoxide, 0.9 g of the solution 
of ascorbic acid in water and 2 g of distilled water were added, and again, 
after a further hour, 0.4 g of tert-butyl hydroperoxide, 0.6 g of the ascorbic 
acid solution and 2 g of distilled water. The mixture was held at this 
temperature with stirring for one hour more and then a further 0.4 g of tert- 
butyl hydroperoxide and 1.6 g of the ascorbic acid solution were added. 
Polymerization was continued until the desired mass fraction of solids was 
reached. Thereafter the dispersion was cooled and filtered through plate 
filters with a cutoff of 5 jjm. 

Analysis of the dispersion gave the following results: 



Mass fraction of solids: 
pH: 

Dynamic viscosity: 



50% 
3.2 

195 mPa s 



